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by A. Duikikwic'/'. C.C?. Von Di:k Boroi' & J.R. Pri-scottI 



Suininary 

IV'iMi.wH A. VON I5I.M Hok( II. C. AM) Prti scoi I. .1. R.. (2002). Gcomorpholoty oITIk' L.nke .Vliilaiu Lake 
(ireeiilv complex, South Ausiuiliu. ami its implicutions tor late Oiialeriiiir) pal!iciK.liMi:ile. /'iw/v. K. Snc. S. Aiiyi, 
I2<>(2|.' 103-113. 2') Novcink-r. 2002. 

I.iinedos., loreiliines jiml beach riilpe.s fmm the Lake Malaia Lake Circeiily plava complex on the Itya’ 
PemriMila altesl to major changes in lake level anil palaeoelirnate over llie Iasi 320.000 years. Iltese have lieeii 
(luted by a eoinbiiialion of llieriiioluminesceiice and radiocarbon lechniijiies. thus allowing conclation wilh I .ale 
Oualernary Oxygen Isotope stages. The lakes experienced a iiia|or wet phase ca. 320 ka followed by imdliple 
arid episodes linked lo relatively cool |X'riods and low eiistalic .sea-levels helwcen I l.‘'-16 ka. Aeolian aclivily 
and aridity xsere particularly intense during the Last Cilacial Maximum wilh the onset of a dry climate and 
carbontite pellet lunelte-buiiding commencing as eaily as 26 ka. The Hohxvne palaeoelirnate is marked by 
seiLsonally oscillating wei and diy periods reflected in the intermillenl deposition of gypsum luiielles. carbonate 
ridges and i^uari/ foredunes around the casleni ni.irgins ol lakes MaluU and Clreenly. 

Ki V Wiiidis: Quaternary palaeocliiiiate. sail lakes. Lake Maitiia. Lake Greenly, luneties. ihermohiniinesecnee 
dating. Bridgewater Formation, carbonate, gypsum. 



Introduction 

Luke basins are one of the richest archives of 
lencsliial palaoodimalc data (e.g.. Williams tl <il. 
lOOK; Mason et ol. 1004; RocUi ot ol. 2002). In 
parlicitlar, siirrtcially-closcd basins .such as salt lakes 
aiv cxti-enieiv sensitive to changes in clitnalc ami 
respond accordingly by adjusting their lake and 
gfotiiul water levels. They arc widespreail in 
soul h- western, south-eastern and norlhcrn pans of 
Australia where they often represent the temiini of 
large endoreie basins (e.g.. FTowIcr &. Magee IbSS; 
Miigee ('/ uL 199.3; Maeumber 1991; Bowler 1971 ). 
As salt lakes aiv su.seepiible lo drying and erosion, 
one of the most ehallenging aspects assoeialed wilh 
their study is resolving the problem ordiseontiniKuis 
slraligruphic records. This, however, can be achieved 
by examining and dating tun only the sedimentary 
succession in the basin itself, but also the 
gconuiiphidogie fealuivs such us beach ridges and 
Initelles. as these invariably formed during major 
changes in lake levels and eiimatc. In this study we 
describe siraiullinc features of the Lake Mnlala-Lakc 
(jieenly Complex (Fig. I), which eontiiin a rich 
record of major climate change exposed along, its 
eastern shores. Most of these Icalures have been 
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dated by thermolumincscence and radioearhou 
dating and provide a framework for late Quaternary 
climate change in South .Australia These are 
discussed in detail in lilts paper. 
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Cieneral SeUiiiK 

riK Luke Malulu-l.ilke Greenly Complex eonsisls 
nr g duin of imrlti noith-eiisl lrcnilin>! Qualerilui y 
eaihi>iiule-c\!iporite playa lakes, siiualed approx- 
imately 33 m above mean sea level in a mid- latitude 
iveiuii on lower Pyre Peninsula, Soiiili Ansiialia 
(He. I). I'lie main basins. Lake Malata and Lake 
Cireenly.. are separated by an extensive easterly 
tremllnc enkareotis. sub parabulie dune system, 
wbieh forms (be main regional aquifer. Lmplaecmcnr 
of these dunes during the late Guaiernary sea-level 
highsiaiuls (Wilson I9hl)' most likely cau.sed the 
damming of a pre-Pleisloecnc drainage ebannel. witfi 
sUbseqneni ground water seepage along the dune 
lobes raeililuling formation of lakes Malata and 
Greenly. Moth basins are ermlcil along their 
south- west margins with adjacent basement rocks up 
to .3 metres above the present day lake floor 
suggesting it graben-type depression. Ntimcroiis 
stnaller playas, loealed exeliisively to the cast o( the 
miun basins, appear to bave fortned iruteli tiitci. viit 
ilie intcraeiive proeesscs of deflaiion aitd 
gnninilwater discharge. I lydrologie.. straligtaphie 
attd geumoiphtdt)gic evtdeiteo eolloclotl to date 
iiidicales llial the main basitis have never been 
surlietitlly eonneeted 

At present, iill lakes in the l.akc Malata-Lake 
Gieenly Complex are eplietncral grmmdwalet 
-diseharge playas dlariieleriscd by it ctn-lhiok halite 
i.-riist during, the dry summer months. Ocplhs ol ttp to 
(1..3 m of waiet. pnitly ilue to direct preeipilaiioti and 
partly due to rediteerl evaporation e.xisl dining Ibo 
wet winter months The solutes are derived from 
marine s;ill accession via aerosols and by 
evaporation of iiiflow (surface and grotindwa(cr), 
which delivers chemical weaihuring prodnets from 
•itirroiinding sedimentary and basement rocks anil 
syndcposition.il rceyeling of evaporile.s. The 
hydrology aiHl gcoeliomistrv' of the main basins have 
been discussed elsewhere (Outkiow'ic/ <7 ol. 20(lil). 
Although defined by ibe same mineralogieal suite, 
basin sednneiiis litiin Lake Greenly and Lake Malata 
are distinctly diffcretii. Lake Greenly setlmieiils ai'e 
dominated by carbonate ituid (calciic and dolomite i 
measuring sevciol melivs to docimelivs in iliickncss. 
with the up|x:iinosl 3 m of Ibe basin sequence 
interbedded wilh dm-lhiek layers of gypsaieiiite 
(Outkiewic/ von der J3oieh Ibb3), In eonlrast. 
Lake Malata is doinniaicd by gypsum, whicii oecuis 
in the form of relatively mud Iree. in-ibiek 
gypsareuites. and mm-thiek gypsum ehiy laminae 
wliiob overlie :i cemented skeletal peloitlal 

' VSi n ' I >fv, < ' f Cjraln^) ol Ihc liiiUycvvjloi 

h| ihf Srtiithwcil .3iul I X'lUrjl Soiiili AiKtiifli.i’ PhTJ 
rilf riMKicC. ItMVCfMty orN<nuh ll'npnHt ) 



grainslone near the base of the sueecssioii. The 
skeletal pcloidal gr.iinstone overlies wealliered 
basement. The differenee in the relative abiindanee 
ol carbouiitc and gypsum over the lake complex is 
relaled to the local hydrologic selling of each basin 
and |■ainf.lll.'lvcllarge dislnbulion over Ihc icgiun. 

Gemnorpholiigy 

The morpliology ol the playa lakes depends on Ihe 
nature of the pre-existing surfncc. the angle of (be 
long basin axis to the direction of the prevailing 
wind, the presence ;iIhI depth of suil'aec water, the 
pm.ximily ol lhc groundwater to the lake surface aad 
playa-grouiidwaler chemisiry. Aeolian reworking, 
ground and surface water fhielualions and 
iiiieiticlions play a secoiulary role in modifying the 




changes in climate. .A nuniber of geoinorphologic 
features vlireclly associated wilh the Lake 
Malata-Lake Greenly Complex meliiile islands, 
spits, lunettes, irregular sub-partibolic dunes, beaeh 
ridges, sandy beaches, marginal seepage-spring 
/.ones itnd surface ilraiiiage cbanneK (big, 2l. In litis 
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Piu. 2. fii-oiiiuipluilogu. ntjp nl itie Lake Malata Lake 
(tiv:i.-iil) C’limple.v showing ilte locaiic'a ol Tl aiul AjVIS 
UalCtl s.iniplt-,. 
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" calibration based on Stuiser and Reimer ( 1993 1 and Sluiver et ;il- 1 1998) 
average of two ages (312 ± 67 ka and 325 ± 11 ka; Dulkiewic? & Prescott 1997) 

■ the \oimger age indicates remobilisaiion of the foredune obtained using the double plateau on the plateau lest (Diitkiewicz & Ptescott 1997 1 





I'ig, .V (al A cluiin tvCpkiya lakes that have previously delhiled into a gypsum luiielle ikg). View is towards the noni). Centre 
ot phologriiph spans approxiuiaicly 600 m. (b)A5 to (i m-high. Imneatcd lunette prolile ril the south weslerit ntargut of 
Lake Greenly. Basement is iincoul'ormably overlain by an indurated petlogenie hori/on (P). which is in lin n overhiin by 
an altered carbonate pellet lunette (Lc). Gypsite layer (Lg) overlies l.c vvilh a gradational eonlact. (c) l.ee side ol two 
earboittile pellet liinelles (-I.I7 ka MLI4 and -17.3 ka MLI5) along the easlent margin of a siiiall pluya lake lumli ot 
Lake Mtilata. forming :i prograding liinetle sequence scpimited by a samphire-vegeiaied mud Hat. These represent Phase 
III and Phase I deposition events in Fig. 4. (d) Tliin-.seetion photornierograph showing biniodal earhtmaie pellets (p) with 
a minor amount of well-roiindcd carbonate-coated quartz (q) of similar grain-size, Plain liglil. Scale is 0.25 initi. 



paper vve describe some of lltc key geornorphologiciil 
Iciiliires ranging in age Ironi 319 ± 72 ka to I ± 0.9 
kii (Diiikiewicy & I'rc.scott 1997; I'ig. 2, Table I) 
w hich Conned as a result of major climate change. 

l.umlli’s 

Allhotigli clay, quail/, and gypsum aa- the inosl 
common minerals comprising liinelle.s (eresccniic 
dimes associated exclusively with playti lakes; e.g., 
Bowler 1983: Wniren 1982: Williams vt al. 1991; 
Chen cl al. 1991 ; Macimtber 1991 ), those in the Ltike 
Malaia-Lakc Greenly Complex consist ciilier of 
gypsum sand or sand-, sized Ciirhoiuite jiellcts. In 
general, the gypsum and earhonaic pellet Inneilcs arc 
part of a prograding sequence, which ri.ses 2 to 3 in 
above the present-day lake floor. Tliey are 
duiractcriscd hy at least two disconformitics in the 
form of pcdogenic layers or erosional seaips and 
younger deflation basins (Figs 3a. b. e). The lunettes 
occur along the eastern margins of most playtis in the 
complex and prtivide a partial indication of the 
amtmni of material that has been deflated from the 



lake basins. 'I'hcir associated pedogenic horizons 
(disconforniilies) arc potential limc-slraligraphie 
markers for strandline-basin cone lal ions. 

Four discrete units rcprcscnlmg four miijor phases 
of Inncttc deposition have been recognised from 
exposed sections and dated hy TL between 1 1.5 ± 14 
ka ;ind 1.17 ± I I ka {Diilkicwie/ & Preseolt FW7; 
Fig. 4). The distinction is based largely on tlie degree 
and style of pedogenic iilleralioii of the mdiinilcd 
carbonate layer (disconfomiity) overlying lltc .soft 
limcile malcrial. atid field relationships of lunette 
deposits. Notably, progressive pedogenesis and loss 
of original pcilclal texture are a function of 
incrciising age while the cttmpositioii and colotir of 
the Innctfes and pedogenic horizons reflect the 
immediate source area. Inicriial sinicuiics. such as 
low-angle planar beds normally expected Irom 
seasonal accumulation, arc very diffuse or 
non-existent and are attributed to the breiikdown of 
pcllels hy inoistiire and pedogenesis. Individual 
deposits may reflect nuilti)>le phases of lunette 
deposition and stabilisation, although the general 
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Fiv'. 4, Ulc:ili>icd scticrmilic wl'sI -e;i.si scclion ul l.iikt Vliiliiia shiivviny ihree nuijni phases ol oirbimme pellet limeiie 
(JeposilioM in a single nnlapping set|iiencc. 'I'lierinolinnineseence dales aa' also shown. 



homoeeneily uf Hie deposits nuikes iliri'eremialiitii of 
tliesc diftieull. 

The pclleliil liaclion eonsisis almost exclusively of 
low-Mg ciiicitc and iniitor clay ihinenils dtnviiiialcd 
hy monlmonllomte.Thcconr.se. non-pellctnl Iraclion 
usually coniaiiis minor amounts of abraded gypsum 
discoids or prisms, quart/., iron oxides, peloids, 
loramiuiferti. ostracode carapaces and Ca.\i<^llu 
Iragmcnls. anil trace amounts of lilhuclasls. pyritc 
and remnants of algal mats iiic lulling rare charophyie 
oogonia, In Ihin-scction and undc'c the scarming 
electron microscope (SUM), the carbonate lunettes 
coiisisi ot biuiudal sand si/cd carbonate pellets and 
minor sand-si/cd qiiair/ (Fig. 3d). Qiiarlz grains tend 
10 he well-rounded and carbonate-coated, wiiile 
gypsum is drscoidnl, poorly-sorted, shows cTreets of 
dissolution and abrasion and frequently occurs as 
somi-cemenrod nggregates. Gypsitc nodules aie 
common m ilie gypsiferous lunctlcs. 

In general, the degree of pcdogeiiic altcralion 
coriesponds with Ihe age of the lunelte and conforms 
with .Netierberg's (luo7) calcrete classificaiion For 
example, the oldest lunettes show intense pedal 
development in the torin ol cavernous, nodular 
calcrete and comi>lctc loss of Ihc original pellelal 
siriicliire in Ihe underlying deposit. Younger lunettes. 



on ihe other hand, are capped by a chalky, powdery 
calerelc or more massive and sirongly indurated 
hardpan ealcrcte, both of which arc iiodule-IVcc and 
trequenlly comprise several iindiilo.se sheet layers 
W'liieh themselves reflect multiple phases of 
pedogenesis. I'hese are overlain either hy iliin 
veneers of pellelal soil or younger, onlapping liineilc 
deposits. 1 ho youngest luiielics display a strong 
pellelal fabric wilh s.imphirc vegetal ion neling as ihe 
main posi-depositional siabiliser. 

Three major phases of gypsum Itinelie fonriaiioii 
have been iileniilied in ibis suidy. The best examples 
occur viriually along the entire lengths of the inner 
and outer margins of easlern Lake .Vlalula iFig. 2) 
where the lunettes form a prograding. cross-betldetl 
sequence measuring up to 7 m above Ihe present-diiy 
lake (F’ig. .Sa). An organic-rich layei within the core 
of the main lunette has been dated by AMS at .s.-v*:) ka 
cal B.P. and is currently being mined for gypsum for 
agriciillural purposes. The cliffed sections of the 
l.ake Malala lunettes arc onlappcd by clean, 
well-sorted gypsarcnilc which forms Ihe prcsciit-day 
beach. Tlic Imicllc sequences arc slahiliscd by a 
weakly indurated 411 cm to 3 in-lhick capping of 
gypsitc winch is cokiniseil by ubundaiit salt-tolerant 
shrubs and samphire vegcTaiion, The relationship 
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I II! i.i) iWo pluiscs of ^'psimi luiieUc Jli'ikIiii'h iiloiij; 
ilu. inner c:i.‘'(i.'rn nl l.jiJie Maladi. Ucacli nhihKH.,) 

lOPMsIfc lit nnirst!-^r:iineLl L'vpsnrcnili'. SuiiiiL'cr I’liiuii- III 
aypsiim Iiiiii.IIl'‘ iiif j.liihili.'iiiJ fiKii'ClV P) \ itWCIriliiiM. 

Oihiuiiii (luin me- l.iiKc MiiIiH.i maiym to pl-ayn iakc 
nnincilllilflv holiiiui I'lv.i.si’ III liincilo is 400 in. (bi 
(iypsiiin liinnue il^,l re|iicscnliiiii Pliiise II yypsnni 
liiiicOe clcposiiion overlyin.a n elaycy lui+umkiil- |xllel 
lliliclle alum! the iiiiier oahlein niaijilii ul l.llki.' 
Miilaiii. PiKii ly-softerl, coiiiv- uiainecl beach sariil (H.,) 
iiaiiiirisiiii; basement anil skeletal peloakil sraiiisIniiL 
liilu'cliisi.s fiiniis rile present ilay beach, Note preseittv of 
uiarsc-graiiieJ si iiiic cip'uin sanil tyt) oniaiipine I 



hclwccii tlic eypsiim iinU Larhoitulc limctlcs is iiul 
always cliMr. as Hie jiyp.siiitt Iinielle.s niv gfiieriilly 
laiiter and nioic e.ytcitsiv'c. aniipleloly ulisuiniip 
iindcriyiiig iiitiis which csscnlially hcconic bufricr-. 
for fheir ilin'clopmoni. Alonp the onior soiillt-cusicni 
inrirain of I .akt- Mtilahi umJ the sonlh ivc.stcrn margin 
of Lake firccniy. exposed seelioiis clearly show a 
eypsiint hmctle overlyiiip u carbunaie pellel iiiin 
fl'iii. 5h), I hiwes'er. I'arlher north niid along the imier 
marpiii ol l.ake MalaUi, ihc gypsiini hineUes appear 

10 exlend in u southerly ilirettipii away 1'rum Ihe 
lljiriks of Ihe etirbontite hntetlcs wiihmii direclly 
overlying the carbunaie pellel tntiis in exiaised 
sevlions. field ivlaiionship.s and a single y\MS dale 
suggest lhal Ihe gypsinn ItnieUeS are gcneiullv 
.uunigcr than llie enrboitale pellet linieiles. 

The eypsiint liinelics ettnsLsI almost entirely ot 
inedinm to coarse-giaincd, moderately lo well soiled 
gypsureitile with siiioll tinninnt-s of earbonatc ilow 
Mg ealcilc) ami Iraee umonnis of litie-grained uliatU 
and iron oxides. C.'onsei|uenily> the gypsinn hinellcs 
were iinsmiable for I'L dating ttnd only in one i.nv' 
conlaiiicd siirneieiil organic carbon fur "C daiiii.g. 
flic aifboimte eonteni may he auribnied eiiher ii > the 
pre.senee ol carbonate pcilcis. caibonalc coaiiire the 
gypsum crystals during their growth in the l.ike 
basin, or lo hiogeiiie eotnpoiienls fuigments of 
oslr.'ieodes, Cn\ii'lln ami the foriiminifer Eliihiillnw 
arc eoinmoit wilhin Ihe upperinosi h.s enl of ilie most 
rvcenl gypsum hnielles. The eypsaremle lunstsis ol 
1-4 min long, slightly abraded anhedial Icnsoids. 
marked hy dissokihon kinks. The lincknc.ss ol ilk' 
gyp.sile eappnig vanes between 4(1 cm ui } nt anil is 

11 rmielioii ol the si/e and ihe age of the limclle, I'lie 
ihieker timl llte more imiuraied the gypsilc htiri/on. 
the older the liineiie. The gypsitc consists eniiielv ol 
III pin long aCiculariTVsials under the SfiM. flypsite 
also (iceiirs as ein-ihick inlerbeds willnn ihe gyf'sinu 
Innclle where II mo.sf likely ivprescnls siabilisalion 
of imlividiiul. possibly annual, aeolian layers In llie 
siiine niiinncr tliai ihe indurated carbunaie layers 
represent diseonlormilics wilhin Ihe earhoniitc pellet 
limcPes sequence. »lie eypsiie units repro.seiil periods 
of noii-deposjiioii w iihiil the cyjtsinn Itnielios I ow 
angle aeolian bedding is well-developed willnn Ihe 
gypsinn lunettes ami refleeis giain-si/,c vantiiions 
and general soiling of the gypsarentle wilhin llie 
jndividuiil lannn.ac- 

tii'ihlt Hidiii'S iind homltnu’s 

The most disimei gcoiiiorphologic leatnic 
assiicialod with ihc fake Malala-fake Cireeiily 
Complex is a 0 in-lilgh, ai'i tl.ile. indurated skelci.il 
pelpivlal grainstune beticit ridge dated hy IT. at diu ± 
.52 ku (Dutkiewic/ & I’reseoll 1997: Table I), wliieh 
is present along the eastern margin of l.ake Malala 
(’■| ake Malala Ridge’ m Hgs 2 and ft). I'he ridge Inis 




tlliOMOkPIIOl ()l- 'I I It' I.AkH MAl.ATA-l.AKR CiRHENI.Y CtlVIPLhX 



10 " 




I'jfx. StlK'iii.'itiL- uos| eti'il section iicruss l.,(ke Vliilnrii .showing the vveslern miirj;in ot the hike hnsin hoalered hy 
ciikieiiseil (C) siih-pnniholjc iliines (ni. iind the Biisiem irciryln l\y ii iiiiijor .iiviiiiie i-iiljBe (Rl ami a scries of iniiisverse 
itypsiim luneiies (I j,) aikl cufboiiaic pellet liineiies (l,i;i. ;iml snr.ill pluyti lakes tPl. 



Ik'cm aifivlaicd svilh a Minilar yiainsttme sampled hy 
diillinp. which overlies the basement in rhe Lake 
Mahitn basin (Dntkievvic/ lyyO)’ ami reptesonis the 
laieest and qiiilc pussibly the oklest eeuinorphttluyic 
feature ttssocialed with the lake complev. The ridge 
IS cavernous and has an up ro 10 cm-rhick capping of 
I'lik'iote. vvhicli is lociillv overlain by a thin retl soil 
conlaming abundant Icrruginons pistihlcs. The ridge 
scilimenis onicmp sporadically along the south' 
western margiti ol Lake Malata where they are 
overlain uneonlorniahly by a gypsiim limcllc. 
Sedimenlarv sliuetures were not tthseived. I'mssiblv 
due to eak relisalion and a general lack of otilerop 
and CNpusuie, The beach ridge consists of a locally 
tnfaecoiis, metlium-giainctl. well-sorteil skeletal 
IH'loidal grainsloiti' comprising snb-ronniled (o well 
rounded mierilised peloids, abimdaiil mollusk 
frugmeiUs. cotiilline red algae, roramiitifcra. rninoi 
echiiioid tVaginenis. rare bryoi'oit and Vitryittg 
amounts of lithoclasls and angular quart/ staiiis 
(Hg. 7a). Il.s composiliou correlates well with the 
Uridgewater rormalion, which ettmpriscs 
siiriitunding sub-parabolic dunes iiml spectacular 
elills on Ihe west coast ol lhe Lyre Peiiiiisula (Wilson 

Moiv recent btit irervasive beach deposits iin; 
found aninnd the shorelines ol Lake Malata and 
I.akc Greenly atid associated playa lakes. The 
composition ol the beach sand depends largely on 
Ihe soniee ami Its (liickness on the sediment supply 
and Ihc prosimily (>f Ihc source to the lake margim 

iJ' iKiiwH/, il'l*i(,| ■vniiicrniii y I’liliicoclimnic Cuiin f.ic-' 

M.ilaia l.ukc titcclily I'luya t iimiilcv. suiilli .\iisliali.i" I’hl) 

ihiv.i-, Ilk' I'llniU’f'. IlnivnVilv nl Smilh AiMralni il npiibl | 



the water depth, and the fetch of the lake. I'or 
cKumpIc. poorly sorted, very coarse sands and 
gravels are associated with htisemenl outcrops, Thick 
tup to .L.'t in), localised aceiuiiiilalioiis of beach stiiid 
are common along Ihe south-wcslern margin of I ake 
Ciiccnly' and sonihern Lake Malata. where they 
consist of very coarse iingiilar quart/, lithoclasls of 
basciiicnl lOck. calcrc-tc, tind skeletal peloidal 
graiiislonc . iron os ides. fcKIspar, mica, and skeletal 
peloidal aJloclieins derived Irtnti suiroimding 
sub-parabolic dunes. Fragments of sp., 

osiraeodes. foiaminilcia and charopiiyte oogoni!i aiv 
occasionally incorporalcd. Medium to coaisc- 
gfaiiieil. modertitely-soricil. skolcltil peloidal sand, 
oil the olhei hand., lorms a beaeli along the Miuihern 
margin of Lake (Ireciily where the source is a sol of 
parabolic dunes pio.xintal to the lake basin, lit 
eoiilrasl. caiboiiatc playti hikes tissucitiled wnth Lake 
fireenly arc characterised by shorc.liiics dnminaled 
by biogenic fragments including osiiacodc valves. 
Cdxii'lla sp.. Idraminlfcia and minoi ehamphyte 
oogonia. These are occasionally very weakly 
imiurated. fjeaebes a.ssociiited vvitli l.iike Malata. on 
Ihc Ollier liand. are doitiiiialed hy Ooaiso-gl'ained 
gypsurenitc and Iriiginciils of CaxT&llti sp. 

.Y 3 m-liigh I'orediine along al the south eastern 
margin of I.ake Mahila situated less than 2IIU iti west 
of tile Lake Malata ridge is ol parlieular inieivsl (Fig. 
7b) ami has a mD.ximuin 'll. age of I + (I.Od ka 
(Oulkicwie/ & Prescoll IS)‘i7'. Table I i. It also hosts 
an undisturbed Alioiiginal eaiDpsite ooinpi'isiilg a 
stone grinding plate and scraping tools. The beach 
consists ol medium lo eoaise-graincd. nioderately- 
soned saml dominated by coarse to fine-grained, 
ttngiilar (o well-rotmded qmuT/. moderate amminis of 
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hi;. ^ i:hTImii-v'i mill |iliiiiiiniiL-uiJni|>liMil ilif \lutlcuil [icliinliil ediiiislciiK' Liiiiijirisiiiw llic I tikt; MiihiUi I’lfi^UKtcuL' iiii'jt. 
Mk' icmil^uMlf iscmiipiwil uriibiiniliinl (iiniiTiiiiilv'nil 1 0 iin'.lliKt;iii iiiii. ciik'iireoiiv ii’it iilv.il (ii) tmil |iL'lnltliil jilli'tluriiv-. 
v,i|i:iil/ l(|i IS nlvii prcscnl Tin.- yriimdniv is slmnyly I'.'mi.'nicil l\v hiKnie. f’olm kc<I littlil ibi 1 iii-liipli niiiirl/ liimiliiiic 
il'^|i M'p:imi,;.J liiiiii du’ L;ikc Miilalii hiJpil’ iRi hy an cpIiiTiiirnil wpayc spriiiii -'cnu; ijil mL’;ii.iiiiMit appinsimali-l', 
l5l't 111 III wiiliti. III..- i..i!ti,luiii: lias .1 inasiiiiiMri IL ape i.L -I K.i, T (vvs ;>K appii>i(iiiiais-l'.- 2 in lall, u-i Aerial ni ihu' 
o'isiti II iiiji';iii sil' Lake I’.i'LViily <.-<iaracli.'MseiJ liv a prii^'railiiip M.-t|iu;iiu-f nl JdU Ivnip e.illniiuic pallei Iuihjiios i i jivI 
u'lrhiiiiju Tul;:es i K^;l lA'iiirL m' (slioinpi-apli spans 7.s(i m (di I Imi SL-Liitiii plit.iiiiiiii.riipi,ipli ui seJimain o.iiipfi- ini' l■^^ 
ill Is I siimpiV'sL’ 111 .iliiiiitlaiii .isiraoule Ir.tiiiiii'iii-. v.-iilmi a iiin.-iilc iiihIm'. Plain liplii 



niirtliLi(ii-^'rajin.-il |idoiil.s. and Irannivnis n( < ,*vm//h 
sp.. iisiruijtnls's 'sdul faianiinilcia. f -.irlsnnaii.' pcHcis 
With yppidxiniulelv line to inciliuii' pranifil 

diuiiU sansl ail- |iicsoni n a Ooptli • m lv|it\> ilie 

S|ll(,|. i- l-|||l|K-f Islllllll. ihl- lll-pllsll pillill-S lllfll S'l*-| *1 

si»-jfs\- praiiiLHi ami |n'di ly-sdilt-J I'euch sainl 
.ippiuMlTialcly I 111 al'iive llie pieseiil Jay lalsv lldin 
Itie sand is ilmmnaieil hy fine In i iiiirsc-jjrained 
anyiilar ainJ OL-casiciiiiilly imii-slameiJ i|uai\/ aii.-J 
Crisiniciti.s isl LiiwV'//d sp. Moileraie ainuunis ni 
IiiIiolIjsI.' derived from skdeial |ieloulal •.’laiiislniii. . 
ill III I ilk I Oil's iddioi ami mills I n |>I'|| ml-- ,ilnl leldsi i/n . 
aiivl Irtieo aiiiomils i>l elrarupliylo imyiDiini ami iiii'.-a. 
.la* alvi prcscni. Here, ilie saiul ovcrho.s a ilm-lliiol. 
Iiiimie 0dL(Uiri:i laver doiniriaieil tiy iraumeiils i|| 
•./M/I-//.I sp . mmoi iimininis ot tpi.in/. anil Iran- 
annuiiits nl lornmmileiti. osiineuiles elinuiptiuo 
iineiinia. peloiiis miea uniJ reeein vetreiiiinin. This 
Uy.:i III uini. nvorlie.s a str.aielv mdurateil skclcitil 
pi-lniiliil liiiiinsionc M'iiieh niiiufops iliinls .ilniiy iho 
liiaiein 'll Ihe lake 

I he peiimnrplidlopii; Ifaiures aliniL’ Ihe e.iMt-m 



iiiaiuiiidl I ake Cireeiily uiv .sinkini.iU ililtueiil (rum 
ihnsoiil’ I .akc Malani. Mils isainilHiled fnaiiiU luihe 
Jillk'ieiiees in husin iiiorpluilnkiies, paiiieiilai ly ilie 
iineni.ition of the Iniie liiisin aais in ilv dii-Ls-iiun nf 
live prei ..iline wind, the naiiiiv- ui ilic n.isi.i 
■lOklnni'iils. anil (ho eii'inid'ia'Oi i.lKinIsdy • he 
■j.sy lepilcil Innellc-ritltie sy.sleni is Iniv -|i loliel and 
itilfiuill In map hilt iinmistiikiihle when seen livmi air 
Ihijj. 7 k I III I’aei. mappini; nl Ihe iniJividiial Innenes 
and ride.es euiilil only he achieved iisin)L' aerial 
phisiiierapliy. In addiiion. i-sposed liinciie seeiionv 
arc- litre and liinetU's appear to have (iiniii-d .i 
piii,^adiiiti stipiciive. simneil l>\ eplsiidii iletliiioii 
M-nhiii I ake fircenly. I'nlike Ihc [noeradine lunelle 
seL(i)k-n-.-e -al |..ike Malaia. where iiKliviklnn) liinellcs 
are separaleil hy deriationary husins. ihe I ake 
Cia'only hincircs appear to lie sepninred In a scries ot 
L-arboiiaie ridaes I he ridjees aiv very similar in liinid 
speeiiiieii and ni imieikip style M iIk- iiidUTaickJ 
cjrhoiniie hori/iiiis assoiiniekl wilh lunellLn wlsik-li 
nuikes tin.' Jislliielion ol iliese I'eaUnes esltkHteiy 
itillieiill in llie rield. 
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I he iik'M cilsily tecujjiiriwi euibniiak- nihaes ivcm 
pmximal lo llic prcNcnl-diiy norlluMstern lake 
marpiti wIkmc Iuih ruJ.uc'i rcpiescniii]^ I'oim phase-. 
ol lake tepresMiin have been reenjdnisccJ. The ridpes 
are iippniximinely 2 to ? m iibov<‘ ihe pivseni day 
lloui ul 1 ,ake Cheeiily and lomi IVaeUuvd and rnhbly 
carbonate sheds Iliey lack Ihe sinoolh and 
eciniimiiHis aienale oiilemp style etnnnion lo 
indniated earhonalc hon/ons asM)eiaiod will) 
hindies ri'n - 1 (lists consist til low Alf; Oaleile aniJ are 
ehalky .nid Irjahle. with a nnn-lhiek et'alinj ol 
laminai 1 alcrele rnbiilnr voids aiv <ihiini.lam iiuhcmi 
( han in ihe nidinalcd caibonate hoii/ons assoeiaietl 
with iMi'bontile pellet hini'lies and appotir |u be 
relaled lo planl yrowlh in relalively soil sevliirienl, 
However, no lossil plant remains were I'onnd 
Seaimni}.’ oleeiron inieioseope aindvsi.s ol these 
eriisis shows the presence ol' abundant siruigin or 
ecnily - 1 inved, ocvasiomtilv branching. - A pm-thick 
ealeile eneinsled endolilhie Iragnicnts, The 
morphology and size of these t'ihmionis are 
eonsiMein with Inngiil sirnelures deseiibcd by 
Khippa I l‘)7d) ,nid indicate pedoecnesis in ihe 
•nbaeiial vadtise environnieni. In Ihin-seeiion, the 
crnsls coiisisi ol mierile. which oecasionally displays 
a glitbiikn ICMiiie and aluindanl, geneiallv 
I'.indomlv iinenied calciiic shell I'mgmenis vvhieb 
loinpiise 3 lo 13', T ol the toiid sedniienl ll-'ig,. 7d), 
Ihe shell liagmcnls consist ol |ow-Mg caleite ami 
Hi'c generally siiaight o( gently curved 
appro.simaiely 10 pm in diameier and gdierally I lo 
7 mm m length nnci mosi likely lepivseni 
disarliciilaied nslraeode valves, |•oram^nlleral 
Irtigment.s am rare. The deposiis have not heen iliiieil 
cine lo die iraiieiiy ol suitable malenals sneli :i' 
oreanie inaiiei and qiiarl/ 

Diseiissirni 

I be l ate Quaieinary gcomoipluilogy nv die Lake 
Malaia 1 ake Greenly Coinples i.s reprcsscnted by a 
tiiili[ile,\ sidle i.i| ritiges, linietlcs u.iid foredune, s 
vvliit b bu''e hecn daloci Ix’Isvecn .^20 ka ami I ka. I he 
peiiod eovei s a lime t'rdianuilic einnalie osedlalions 
dining vvbieh ilic lonnation ol ihc lake eiimplev wa.-; 
iniii.iled and ihe lakes csperienceil a major lauisiral 
(vvel) pliase lollovved by a seiics of drying and 
ilcIhiliiiMary episotics pnncMiialed by perioib of 
|Vftliigfnesis and irljiloel> nililoi iHcnslial eveiils. 
t tseillalions belweeii Ihese climalie csslremes 
eiilimnaled in the prescni-day stains ol Ibe lakes as 
gronmlw arer-disc liarge plavas. 

H'i 7 /i//n.vi- fi/. 

Hie main kieiisirjl pha.ie is repre, seined by the r ti 
V*0 kn (( Ivygeii Isoiopc- Stage 0; lag. K) Lake M; laia 
bciic'li I'ulge 1 1 igs 2 and 0| ilepositeil ilin nig a pliase 



of liiglt lake level. Its nHiipbology js consisteni with 
foivdiine tieposilion and we envisage lhal il fornied 
by ilenatiun of sand from w.ive-nniiiislied lakeslioiv 
beaches in very imieb ihe same manner lhal eoasial 
forednnes ;ind fivreilnne ridges tire biiili immeiliaielv 
Isebind /,ones ol beaeli -.wasli, I’nor lo slabilisalioii vd 
die Mirrounding Miti-parabolie dimes, a large amounl 
ol the skeleial |.ieltiiclal sand was blown and waslieil 
into the lake basin and subscc|iiciiily reworked by 
vv iml-iienerafcd waVi's dining a pluvial dinviiii 
phase. A combinalion of relalively lower Ilian 
pivseni evaporiiiion rntew liiglily efteciive 
pieeipiialiop, incivased ni noil and rcebarge and high 
water tables, ,is-,ocialcd with ah interglac ial sea level 
liighsUuid. wtnihl have resniled in llie aeeiiiniilalion 
ol relalively fresh water within the lake basin. Ihe 
.si/.e ol Ibe inlge suggests Unit at least I in of vvalei 
was present in the hike basin iltiring the vvei winter 
ipontlis. wlneli vvoiild have been cliaraclcT(.-.eil by 
higher rainlall and lower evaporalinn relative lu 
present Siivh ti |■ellltivel.^ Ingh lake level, combinecl 
vviih strong noiih-weslcrly winds associated with llie 
wiiitei' iruinil'is. vvcMild have iiiilialed wave-geneiylevl 
cnrrcnls eapalilc of moving large volumes ol the 
skeleial peloidal sand as IvcHo.id Ivivvards the eastern, 
ami pariieiilarly the soiiih-ea.siem lake maigin where 
the riilgc iill.iins iK mayimimi wiillh rnder Ihese 
condiiioiis the sand acereted on Ihe ea.sleiii lakeslioiv 
ol Lake Malalii as a heaeii depo.sii and was 
Mihscqiicnlly dellaled by sirong soiilh vveslei Iv 
winds inliv It forodiinc' iinmetlialely behiiul ihis high 
i-iieigy heacb, I he lieighi ol Ihe betieli ridge allesls to 
the fact lhat this pcriotl was relalively long-lived, 
characlerisotl by cnhimeetl seasomiliiy aiul a Inigo 
and eonTninoiis setlimeiii supply, llie liilge was 
eveninally stabilised by pedoacnesis and vegetiilivm 
tinriiig an evlended period of non tlcposilit'n. Thai 
only one such leaiure is pivseni vvilbiii Ibe l.iiki’ 
.\1iilala-l.akc rneeidy Coniples nidieriies a uim|iie 
dcposiliimal epi-,oile. The abseiiee ol a similar 
lorednnc ridge along ihe eastern margin of I like 
(jieenly may be allribulcd mil only lo a lack t'l 
scdimciii supply, but also lo llie basin morphology, 
pailieulaily llie orienlalioii ol Ihe long axis lo Ihe 
diivi lion of Ihe prevailing we.slerly wind The Lake 
Gleenly bosm is orieiilccl approxiinaiely ul 43" lo die 
diu'fiion of the prevailing vve.sterly wind vvbile the 
I .aki' VlahiUi axis lii's ai dll’. 

( 'tinseciueiillv. Ibe ridge represenis a Pleisloeene 
■'rnegtiluke ' oi "l.ieusIraT' slagc l.t.- t/vp Howler IdkO. 
I d,S I ; De Tfeckker I dSH i m the evoliition of llie lake 
basin and overlaps wall WdsniTs (lodi p phase 111 
deposiiioii cil Hridgewaier Finm.'ioon dunes during 
mid III hue Plcisrocene iniciclaeial sea-level 
bighsiands. Megalakc sboreliiies sucli as a I.V3 m 
high boat b .11 lake Tyrrell, i'on|,nn .ihiinilant 
sliolK 111 (fun'llii sp, (Maciuiibc'i lONH, How lei A; 
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t ij;. S. A.ee'i iil imijui uciiiniiiTiliuliipic iCiUilits in llic Oike 
C ireenly-l .like Miiliilii iuiiiplc\ |ilullcd Juiiin-.! the 
Sl’t'X'M AP iiiivc ilinbi'ic rl til. I*IXP; Vlilnlyi'e ii ill. 
tyx*)). Acl's lit' llic iMiiopc 'tliiees- I to fi iittoc MEtrlin'ion 
el m|. ( IVk7). Aces tin' the (Je|iiisilliin jil llle Hi nJeCWiilet' 
l•llMmllHlll niter WIImHI ( IWI ). Kiiinilll liunieral.-i ileliolc 
yinniil leriiiMiiilKinS- I ho length ut euoli bur iinlloHies 
iineei1;iinly m meiiMiieinoiiL u( the iiyo of hinellc'rnlge 
(sec Tiilili; I fur (leliiil I, 



Idler l9S(i), Cuiiuiisly. ihere is a lacK ul lauiMiiiic 
raiina (la'sli ami salute water-rolemiu ) witliin the 
headi riilgc grainsmuc tinil ec|iiivalenl seilimeitts in 
the hasiii. Possible e.\|tlaiialirins tnr this iiiv: 
1 ) posl-ilcposil.ional ilissoliiiion ortii-gaiiisnis euiised 
by a ditinoe in llu* physical ami chcntical environ 
nienls; 2) ileslrnelion of shells during high eneigy 
irans(tnrl rendering Ihein unrceognisabic 111 the 
sediment record; and il) the high-energy, samly lake 
basin may have been mtsiiiliible lor lacnsirine 
organisms. 

rorniiition ol the ridge may have eommeneed 
eoiisitlerably mirlier than nil ka. wliieh marks the 
waning stages ul' deposition troin the lee side of I he 
ridge. Wilson ( IWl )' piu|tosed lliul the em|tlaeemenl 
ol' the Pridgewater Pormnlion ilinies along the west 
eoasi of the Pyre Peninsula oecurral iluriiig' se<i-level 
highsiatids as early as 700 ka (nnsel of tlsygcn 
Isoiope Stage I7i. Therclitre. it is likely that mige 
iiei relion also oeenned episiidically ihioughout 



Oxygen Isolope Stages 17 In 7 and Stage .S 
inlerglaciiils (Pig. S), until the .sediment supply was 
exhausted and rediaige ratos deercasetl due to a tall 
ill euslalic sea-level, giving rise to a new 
depositional regime in the Lake Malaia-Lnke 
Greenly Complex. A eomprehensively dated set|uenee 
through the Lake Maliila ridge eould polentially 
provide palaeodimalie infomiation prior to 320 ka. 

PiiliieiH'lhnnN' cii. ..^20-1 15 Ui 
We have no direct record of sedimenljilion and 
evolution of the lake system for the period .^20-1 15 
ka, As menlioned earlier, Ihe l ake Malala ridge may 
luive euntiiuicd aceieting interniittentty during 
pluvial episodes, parlicularly (.liuing Oxygen Isotope 
Stage 7 until - ISO ka, when the em|ilaeemeni ol 
Phase It dunes ah>ng Ihe west eoasi td the Lyre 
P'eninsnia was most inlense (Wilson I'Wl)'. The 
inorphulogy anil pedogenie alteration of sub- 
ptinibolic dunes overlying thick carbonate sequences 
south of Luke Oreeuly (Uiilkiewie/ 1000 )' are 
consistent with a laler episode of Wilson's (|0yi)' 
I’hasc II dime cniphieemcm during llie lust 
interglaeiiil (Stage 5; fig. 8). This suggests that 
de|)osilion of lociistrinc carboniiies most likely 
occiiried prior In and inlermillenlly during Ihe warm 
interstiidials of I ixygen Isotope .Slage (i and dining 
ihe waiin intervals of the last inieiTtlaeial (Oxygen 
Isotope Snh-stage .5e). I.andwaid miginiing siih- 
paiabolie dunes would have buried regions relatively 
cln.se 10 Ihe coiist, whereas moie dislal aivas, siieh as 
Lake Malala. would have lieen subject (o umlinned 
carltonate pieeipiiiiiion. Large volumes of this mud 
are likely to have been donated into liuieiles ilnring 
Oxygen lsolo[te Stage b. which is broadly similar to 
Stages 4, ^ and 2 din ing W'hicli lunelle tleposilion was 
pervasive, l-iiriher sampling and dating ‘‘i i'ei|nireil 
to dceipher the palaeoeliinuie leeoiil iluiing this 
period. 

Miillipic And t it. J 1,‘i-lfi k<i 

I uiielles lorrn by ilellation ot saiid-M/ed iitaleiial, 
which lOiDinunly includes pellelised clays derived 
Irom a drying lake Ilnur by niii-directional wind 
(Howler 1973; 1980; 1983). I'.iclois involved in rht; 
CiUisOiieiioii of clay pellet lunettes (flm muting 
griiuiidwaicr levels, iini diu'eiional wind, aridity) 
have been diseiisseil exiensively by Howler (I97.s) 
and the same explanation can be applied 10 the 
ciirbomne pellet Imiertes Irom Hie L.ike M.ilaia-Lake 
Greenly Complex. The ages ot Ihe liineiles indicate 
dial seasonally arid climates and intense pivv ailing 
vvesierly winds in soiiihern Australia occmreil 
several limes since the last interglacial Although the 
1 1. ages arc not suH'ieienily precise to dale the exnci 
onset of each arid episode, at the very least they 
indicate Ihe lime when linietle building was in full 
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n'.UHil;. Ill ^ciici'iil. llicsi: oinvIalL- with pcriuils ol 
ivliilivciy liiw ciisluiic NCM-levtl :ukI nsLilliilinns lo 
1 oM inioryjls. inimy (>1 yvliiLit h;id mi| piwioiisly 
bcfn ii.vNiviaicd widi coiiiiru.'iiUil aridilv and liinLili.' 
Iiilikliit)'. Tho iildesl liMiL-ili.' Iiori/i'ii dutL'd cu. I IS ka 
loiiv'-pontlN to [lie lasi i;iaL-ial inccplimi and 
ti'rmmalioii of ilit; Iasi ni(cr>;l:ii.iiil (O\y>;co IsoloiX' 
Sub siayc 5d). Aculiaii activiiy int(wiM:d aaain ai t ii. 
VA k,i lOwgt'n Isiiliipa 'inb-sia>;0 5i-|, MS ka (cold 
Suh-ylupc Sbl. uihI 7S ka and 71) Ka (Siih-sia^i-s 
Sa’I), Sigiiincaiilly. a slnaiuly-indiiraled pudoueiik' 
iiori/nn <lak-d ai m 75 ka suggL'sis Him tin- IntieliL- 
nialui lal was most likoly inndifii.'d soiiii al'ior ilk* sliill 
iroin siasio 5 in *t whicli ylnliallv marks tlic mam 
glacial liaiisiliiin Similar periods ol dellalion and 
pi'dnyniesis are eslimaled lo have oeeurred iirourul 
*>() ka and before iihnul 70 ka iii ihe Madiuan Gulf at 
1 aki’ l.vre (Ma,eee cl ol. IW5), I aincUe-biilliliiig in 
the l.ake Malala-hake Greenly eomplex ucemred 
iwiee iliirinj: the iniersiadial of stajie a with 
maMmiim aeolian aeiiviiy eenired around die iwo 
eolil stadials eti. 54 ka and 45 ka iminedialeh 
follow liie ihe end ul the nuihi ehicial iransiijoo. 
fhesc aees likclv eurrespoiid (o Ihe fiO-50 ka plava 
ileflatioii phase tiiul dune huildiiij: at Lake kvre 
(Mayce A Miller IddS), Lhilikc Lake Lyre. I lo wove r, 
iheic is no evideiKC ai I ake Malata or l.ake Greenly 
lor j iiiajoi laeiislial phase in the period 50-^5 ka 
(Magee ,V Miller IdhKi. However, liirlher evea- 
vation weak is letiuiieil lo test whelher a heath 
deposit ol diis age might be burifil beiieaih vmmger 
aeolian sedimenls. 

Several hineiles m the lake sj.sletn daierl ai iw Ilf 
kiu 17 ka and Ih ku, elusiei on Ovygen Isotope Siage 
2. whieli marks the peak of the Iasi glacialioii lot ihe 
Aiisiraliaii eoinlneni around 20 and 1 7 kn (c.g,. 
Bowlei l‘>X6; ( ollioiin Id0|), | he age of Ihe oldest 
liinelie near tins ehisler Jaieil ai ca. 2(i ka 
eotics|niiuls lu the iransiiion heiweeii Oxygen 
Loiope Siagc .5 and Stage 2. indicating that the onset 
ol arid coiklil ions and hineUe Istiilding during Ihe la->i 
elaeial nuiMiiumi eommenceil as early as 20 ka in 
this piin of Australia. Tins eorre.spomls lo a general 
(leerease m ihe number ol high and iiuerineilime 
hikes III Aiisiralia afier 2fi ka ( I larrison I d‘i3 a and die 
oiisei ol a dry lake phase around 50 ka al l.ake Lyre 
(Magee A Miller l‘J‘)S). Aeolitni ttelivilv np(x*: rs (o 
have peakcil cn. lf.S-ifi ka, which correlates well 
willi die Last Cilaeiai Ma.xiiiHini ul 17. ka 
(.Marliiisoii <■! <//. I9K7). Dining Ihis glacial period 
Ihe se.i level was ai iis lowest and the dimaie 
espenciued inicnsdicd aridity and high westerly 
wiiul speeds (Howler <.k Wasson I9S4; I’elii or ill. 
Id'lOi eondiieivc to pcivasivc dimc-binldiiip over 
ariil and semi ariil regions of Ausirali.i (Howler .k 
Wossiiii |*)H4; Wassoi) I'tSfo, Lunelle-tunldnig was 
III its svHiinig Stages ea. I(i 15 ka. with loc.il 



deposition still txeiirnng locally until ca. I5.fi kauiul 
W'as resiricled lo nonhern (mils ol the lake complex. 
Hased on records from approximately 55 .Australian 
lakes Harrison and Dodson ( 1 d 05 ) suggest a hriel 
nileival In vvetlcr eondilions thiritig 15-15 ka, wlneh 
IS consistent with ahsenee of lunette sct|iiciiccs at 
l.ake Mnlaia. I hese authors fnriher pmpose iliat and 
Condiiion.s persisteil alter (he last ghicial nitiximinn 
ciilininnling in niaxnnuni aridily at 12 Ka. hy winch 
lime musi Australian lakes were ilry. This wiiiilil 
ciirrespoml lo pedogenesis of Last Cilaual Maxiiiuim 
lunelies in 'he lake eomplex. 

Wi l-uriil i-ycA’.v til the /lithx i iir 
Gyiisnni 'unetles in Ihe Lake Mal:iia-Lake tneenly 
t'omplex have formed in isvo stages, m a slightly 
different manner to cnirbonalc pellet hinettes. The 
gyi'siiifi lust precipitated williin llic lake basin in 
association wiili gruumlw'uter oscill.nions anil 
ovo(ioraiion at the t apiHiiiy Inngc iTdler i7 n/. 1982. 
Howler & Teller 1986; Magee 1091). .Mllutugb 
suiul-si/ted iliscolds exposed dining a dry peni'd 
when die lake levels are Ion arc easily deflated hy 
prevailing winds, the simihiiity In grain-si/c iiihI 
moriiludogy of gy|:stiin forming present-day headies 
:iml the y oungest hiiK'iies at I ake Millalu suggests 
tlial the most reeeiil gypsum lunelies most likely 
funned I\v deflaliim of resvorked inalenal deposited 
at (he lake mtirgin dining an earlier lelaiively fiigher 
lake level. Since suilicial sedimenis m die Lake 
Malata h.t.sin am dominated by heini-pyraundal 
gy|isitiemle, a eomhinatinn ot ii lliin skin of water 
and siniiig wind woiild provide an elfieicnl 
medKinisiii Joi irunsporling and deposiline lire 
ijypsmn ai die lake margin. Triinsiiortaiion by wave 
aiiion is fuittior supinirleil by the preseiiee I'l ripple 
marks on gypsaivnile-donniKiied pluya siiHaces and 
by Ihe ahnndanee of Iriogenic liagmcius wnhm Ihe 
niosi reeeiK dc]iosits. The gypsum is Mibsei|ueMlly 
deftaied and Siined during <i more arid (leiuul. 
I hord'm'c. the gy|isuin lunelies niost likely teptesenl 
loreilunes tlepn, sited under seasonally o.selllaiiiig 
rdiidvcly fngh lake levels and ivlatively low lake 
levels ill resjioiise to ehangiiig evu()uraiioii;lnlimv 
Strong w'inJs dommanied by a W'csierly eumponeiii 
are required thmuglioiil ihe entire cycle of deposition 
aiiil rcwcirt. i|\g, A single .AMS-dalcsJ hmi/on from 
the middle •>! Ihe lunclle indicales dial this process 
was well niidcrw'ay ca. 5,6 ka cal H.P, mosi likely 
eoineiding with Ihe Holocene sea-level highsdind > it 
6.4 ka irklpeiiu ci ul. 2(Hl2l. The iiieiin annual 
preeipiiaiion al this lime is csriinaicsl to luive 
increased fw 2<l-.50fi tW.issoii Donnelly loOli 
with maximum lake levels, recorded ,ii most sites ni 
Aiistivilia iHowloi i*I.Si; Wasson & Doniiellv ldo(, 
Hariisnii HtdX; Hat M>oii Ac Dodson |dd.t), 

Although gypsum lunelies have formed in die 
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ivl;ili\i-ly rfu.-iil p;isl al Lake Malata. thi^ has nut hfon 
the ease al I-ake tjreciily. The a*;iMin I'oi tins is dial al 
l.ake Cirecnly jiypsum oeciirs several deeimetres 
hclou the lake suifnee hcncath tlolornitie earhunale 
iiiials (Duikie\vie<i & viin iler Boreh In this 

seeiiario, Mirl'tcial earhonatc wouki lirsi have In he 
pelletised ami dcClaleil hefoa.' inlerslilial eypsarenilcs 
arc exposed In imderyn rewnrkiny!. Iherel'ore. while 
;eypsiim hinclte.s were fomiini; in the relaiivcly leeeni 
past al l.ake Malaia. eaihniuite ridges were more 
likely In Innii eoiieuriviilly al l.ake Greenly. 1'hc 
enmplex system of limette.s and |■^(.lces al the eastern 
margin of Lake Greenly siiggesls dial this may have 
heen ilie ease. The I'tagmented naUire ofihe osiraeode 
valves in die Lake Greenly ridges serves as an 
iiulieaiion of reworking hy wave aelion during 
ivlalively higlicr lake levels, file iidges eonslituto ii 
piograding setinenee formed hy expnsinc of 
lacnsirinc earhonatc mud under gradually legressiug 
lake shorelines The earhonatc mud has undergone 
subsequent siahihsaunn bv vegclalion followed hy 
(•veilogencsis and induration in the suhaerial vaduse 
envimiiiueiil. C’onsequenlly. these heaeh riiigcs <ire 
execlleni indieator.s nt the former lake extent and 
although iiiidaied may be coneurrcnt w'ltli the 
lormation of gypsum liiiicties al l.ake Malata. 

The rceeni .1 m high heaeh deposit (MLIS. Fig. 2i 
at Lake Malata Ihe remobtllsalion of wliieli has been 
dated at ea. I l.h.^ ka (lJulkicwicx. & Preston 
iyd7). represents a foiednnc formetl by tienlian 
reworking ol coarse beat’ll .■land. Aeolian deposition 



is siipporled hy the finer grain-.M/.e and hcirei sorting 
ol Ihe sand coiiipated to other beach deposits of 
broadly similar eomposihon. and by Ihe presence ol 
eailHinate peloids In panknlur. the* eot|uinu layer 
within die deposit is indieaiive of a laeusiial period 
diil'lng wliieh relatively high lake levels and lower 
salinities eaiised by increased pteeipilalion tind/or 
deeivascil evaporalioii rales would have -allowetl 
large uuuibers oJ Vavclki gastivipotls to inhabit l ake 
Malata. The orienialioii of the ittrcduiie along the 
soiitli-easterii siiureliiu- is eonsisieni with the 
orienlalion tif prevailing soulli-ueslci l> w'ilitls. 
svtiieh operate during Ihe dry summer months. 
.Aeolian activity was generally high al tins blue and 
i^ further suppoiled by the most rteeni liinelle 
building epi.sotic in the I ake Malaia region daleil al 
ea. 1.2 ka I Dnikiewie/ A Preseoil IW7). 
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